Summary. Intravenous administration of methacholine (200 \g=m\g/kg) caused no changes in the seminiferous tubules of rats, but significantly increased intraluminal pressures and contractility of the caput, the corpus and the cauda epididymidis. The effect of methacholine was abolished by pretreatment with atropine (500 \g=m\g/kg), but not by phentolamine (400 \g=m\g/kg) or propranolol (400 \g=m\g/kg). Adrenaline (5\p=n-\40\g=m\g/kg), noradrenaline (5\p=n-\40\g=m\g/kg) and phenylephrine (100\p=n-\400\g=m\g/kg) had no effect on the seminiferous tubules, but dose-dependently elevated intraluminal pressures and enhanced the contractility of all regions of the epididymis. Isoproterenol (100\p=n-\800 \g=m\g/kg) did not affect intraluminal pressures of the seminiferous tubules and the epididymal duct. The stimulatory effect of adrenergic agonists was specifically blocked by phentolamine, but not by propranolol or atropine. Cholinergic and adrenergic antagonists did not alter spontaneous contraction of the epididymis. The results suggest that the contractility of all segments of the rat epididymis, but not the seminiferous tubules, can be increased by autonomic drugs. The enhancing effect of adrenergic drugs is probably the result of activation through \g=a\-adrenergicreceptors.
Introduction
Transport of spermatozoa through the epididymis is mainly the result of spontaneous contractions of the smooth muscle enveloping the epididymal duct and the presence of cholinergic and adrenergic nerve terminals in this tissue has been demonstrated (Hodson, 1970) . The different regions of the epididymis, in many animals, receive a dual cholinergic and adrenergic innervation, although the relative abundance and arrangement of nerve fibres vary in different areas. However, the role of neural elements in duct motility is unclear. Only a few attempts have been made to study the effect of direct nerve stimulation or denervation on the contractility of the epididymis (Hib, Ponzio & Vilar, 1979 , 1982 . Functions of the nerve fibres in controlling smooth muscles of the epididymal duct are derived primarily from pharmacological studies. Cholinergic and adrenergic drugs increase contractility of the isolated cauda epididymidis of mice (Hib & Caldeyro-Barcia, 1974) and rats (Laitinen & Talo, 1981) . The stimulatory effect of several adrenergic agonists has been mainly attributed to the activation through -receptors. However, both a-and ß-receptors appear to be present in the rat cauda epididymidis in vivo (Hib, 1976) . The nature of adrenergic receptors in the rat cauda epididymidis is still controversial. There has been no quantitative study on the responsiveness of the proximal regions of the epididymis to pharmacological agents, although such a study of the seminiferous tubules (isolated mass of testicular parenchyma) of rats and rabbits has been reported (Davis & Langford, 1971) .
The contractility of different regions of the epididymis can be studied by micropuncture using a servo-nulling transducer system (Pholpramool, Triphrom & Din-Udom, 1984 The testis and the epididymis were prepared for micropuncture and intraluminal pressure measurements as previously described (Pholpramool et al., 1984) . The sites of pressure measure¬ ments in the epididymis were the mid-caput (site 2), the mid-corpus (site 4) and the proximal cauda (site 6).
Experimental procedure Experiment I. The effects of a cholinergic agonist (methacholine) and antagonist (atropine) were studied in 6 rats. A dose of methacholine (200 µg/kg) was administered through the jugular venous catheter after a steady intraluminal pressure recording was established for at least 5 min. Pressure measurement was continued until the effect of methacholine had subsided. The micropipette was then withdrawn. The experiment was repeated in another area : 4 areas were measured in each rat, and the sequence of micropuncture in each animal was random. Atropine (500 µg/kg) was intravenously injected approximately 1 min before the last dose of methacholine for each rat. In some experiments adrenergic antagonists were also given to test whether the effect of methacholine occurred via an increase in sympathetic activity as a consequence of a generalized decrease in systemic arterial pressure. In these experiments, the antagonists were also administered just before the conclusion of the experiments.
Experiment II. The effect of adrenergic agonists (adrenaline, noradrenaline, phenylephrine and isoproterenol) and antagonists (phentolamine and propranolol) was studied in 27 rats. The experimental procedure was similar to that described in Exp. I, except that 3-4 doses of each agonist were given in an increasing dose to obtain a dose-response curve and only 2 areas of the genital duct were measured in each animal.
All drugs were freshly prepared in saline (9 g NaCl/1) at pH 7-4 and were given in a volume of 0-1 ml. The choice of doses used was based on previous in-vivo study (Hib, 1976 
Results
Effect of cholinergic agonist and antagonist Seminiferous tubules. Intraluminal pressure in the seminiferous tubules during the control period was 2-5 ± 0-3 (n = 6) cmH20. As previously reported (Pholpramool et al., 1984) , there were no rhythmic contractions. Administration of methacholine (200 µg/kg) had virtually no effect on the pressure recording of the seminiferous tubules (Text- fig. 1 ), although a marked decrease in systemic arterial blood pressure occurred, i.e. from 122-5 + 6 to 42 ± 4 mmHg. Pretreatment with atropine (500 µg/kg) did not modify the intratubular hydrostatic pressure of the seminiferous tubules, but did abolish the effect of methacholine on the arterial blood pressure.
Epididymal duct. Methacholine (200 µg/kg) produced a slight but significant increase in basal pressure and frequency, but not in amplitude, of contraction in the mid-caput and the mid-corpus (Table 1) . On the other hand, a 2-5-fold increase in basal pressure of the proximal cauda occurred whilst there was no change in the frequency of contraction. The amplitude of contraction in this area of the epididymis was decreased during a marked elevation in basal pressure. The effect of methacholine on the intraluminal pressure and contractility of the epididymal duct lasted for 2-3 min.
Injection of atropine (500 µg/kg) did not alter intraluminal pressure or the spontaneous contractility of any region of the epididymis, but did block completely the effect of methacholine. Pretreatment with phentolamine (400 µg/kg) or propranolol (400 µg/kg) failed to alter the responses of the tubule to methacholine, indicating that the effect of methacholine was not the result of a reflex increase in sympathetic activity during a substantial fall in blood pressure.
Effect of adrenergic agonists and antagonists Seminiferous tubules. The adrenergic drugs (adrenaline and noradrenaline at doses of 5, 10, 20 and 40 µg/kg ; phenylephrine, at doses of 100, 200 and 400 µg/kg ; isoproterenol, at doses of 100, 400 and 800 µg/kg) and adrenergic blockers (phentolamine, 400 µg/kg; propranolol, 400 µg/kg) had no effect on intraluminal pressure of the seminiferous tubules (Text- fig. 1 ).
Epididymal duct. Significant increases in basal pressure and frequency of contractions in all regions of the epididymis occurred after intravenous injection of adrenaline or noradrenaline. The Significantly different from the control value: *P < 0-01, *P < 0-001. •ES 
Discussion
The results show that rat seminiferous tubules do not respond to cholinergic or adrenergic drugs although these agents significantly enhanced the contractility of all regions of the epididymis. This confirms previous work that demonstrated a lack of effect of various autonomie drugs on the decapsulated testicular parenchyma of rats and rabbits (Davis & Langford, 1971 ). There are several reasons to believe that an elevation in basal pressure of the epididymis induced by autonomie agents is the result of contraction of smooth muscles supporting the epididymal duct rather than an increase in intraluminal fluid volume. First, the time to peak response is relatively fast (<30 sec). Secondly, the effect of all drugs increases from the caput to the cauda, findings that correspond with the increase in the thickness of smooth muscles of the epididymal duct from the proximal towards the distal segment (Hamilton, 1975) . The influence of autonomie drugs on fluid secretion in the epididymis is not known. On the other hand, it has been shown that fluid reabsorption in the isolated rat cauda epididymidis is enhanced by ß-adrenergic agonists, but inhibited by a-adrenergic agonists (Wong 8c Yeung, 1978) . Luminal fluid content would, therefore, be decreased by activation of ß-reeeptors and increased by stimulation of -receptors. However, this change could not account for the present findings.
The increase in contractility of the cauda epididymidis in response to cholinergic and adrenergic agonists is, in general, consistent with other studies of the ram (Knight, 1974) , mouse (Hib & Caldeyro-Barcia, 1974) , guinea-pig (Da Silva E Souza, Gemino & Gemino, 1975) , and rat (Hib, 1976; Laitinen & Talo, 1981) . The effect of systemic administration of cholinergic or adrenergic agents on tubular contractility is not due to reflex changes in activity of the autonomie nerves as a result of changes in arterial blood pressure, because the responses to cholinergic or adrenergic agonists are not altered by adrenergic or cholinergic antagonists, respectively.
The pattern of innervation of the male genital duct varies in different regions and in different species (Hodson, 1970) . In most mammals, the genital duct from the seminiferous tubules to the mid-corpus epididymidis has little or no innervation. The cauda epididymidis, on the other hand, receives a rich supply of cholinergic and adrenergic nerves. That the caput and the corpus are responsive to cholinergic as well as adrenergic drugs indicates that cholinergic (muscarinic) and adrenergic receptors are present in this region of the epididymis in the rat. The results appear to be at variance with those of histochemical studies (Risley & Skrepetos, 1964; El-Badawi & Schenk, 1967) . The presence of pharmacological receptors in spite of the lack of evidence for innervation suggests that humoral agents may be a major factor controlling contractility of the proximal region of the epididymis compared to the distal segment. In support of this hypothesis, Ratnasooriya, Gilmore & Wadsworth (1980) showed that a Silastic implant containing methoxamine (an aadrenergic agonist), but not tyramine or norephedrine (indirectly sympathomimetic), near the epididymis produced rapid infertility in the male rat. This has been ascribed to acceleration of sperm transport especially in the proximal region of the epididymis.
The responsiveness of the epididymis to various adrenergic drugs reveals that those agents with a predominantly -receptor activity (adrenaline, noradrenaline and phenylephrine) are more potent than the pure ß-activator (isoproterenol). In addition, only the a-blocker (phentolamine) was effective in preventing the effect of adrenergic agonists. These results all indicate that the enhancing effect of the adrenergic drugs used in this study with the rat epididymis occurs through activation of only -receptors, as found for the isolated cauda epididymidis of the mouse (Hib & Caldeyro-Barcia, 1974) and the rat (Laitinen & Talo, 1981) . However, Hib (1976) reported that the contractility of the rat cauda epididymidis in vivo was enhanced by activation of a-or ß-receptors, although the ß-stimulant (orciprenaline) used by Hib (1976) was much less effective than adrenaline or noradrenaline. Since orciprenaline is a long-acting derivative of isoproterenol, a discrepancy in the results may be quantitative rather than qualitative. Both types of adrenergic receptors may exist in the rat epididymis, but the -receptors may predominate with respect to numbers of receptor sites and/or reactivity between receptors and stimulants.
The role of autonomie nerves in controlling spontaneous contractions of the epididymis is unknown. However, there is evidence indicating that spontaneous activity of the rat epididymal duct is independent of adrenergic innervation since the motility appears to be normal after pharmacological denervation by guanethidine (Hib et al., 1979) . The lack of effect of cholinergic and adrenergic antagonists on spontaneous contractions in the present study and in those of Hib & Caldeyro-Barcia (1974) and Laitinen & Talo (1981) suggests that spontaneous activity is myogenic in origin. On the other hand, the autonomie nerves, particularly the adrenergic fibres, play an important role in initiating a sudden and strong contraction of the distal part of the epididymis and the vas deferens which is responsible for discharge of spermatozoa at ejaculation (Baumgarten, Holstein & Rosengren, 1971) .
